Human DDX3 gene encodes a polypeptide of 662 amino acids and this protein plays an important role in several aspects of RNA metabolism. 1, 2 This protein has two clear distinguishable domains comprised of N-terminal DEAD box domain 1 (211-403 residues) and C-terminal helicase domain 2 (411-575 residues). Both domains displayed RecA-like folds comprising a central β-sheet flanked by α-helices connected by a noncanonical linker of 11 amino acids.
INTRODUCTION
Human DDX3 gene encodes a polypeptide of 662 amino acids and this protein plays an important role in several aspects of RNA metabolism. 1, 2 This protein has two clear distinguishable domains comprised of N-terminal DEAD box domain 1 (211-403 residues) and C-terminal helicase domain 2 (411-575 residues). Both domains displayed RecA-like folds comprising a central β-sheet flanked by α-helices connected by a noncanonical linker of 11 amino acids. 3 Expression of DDX3 was detected in several tissues such as testis, colon, lung, liver, skeletal muscle, and kidney 2, 4 indicating the universal role of DDX3 in cellular homeostasis. Moreover, elevated expression of DDX3 was found in a highly aggressive metastatic breast cancer cell line, MDA-MB-231, as compared with non-metastatic MCF-7 cells, which show its potential role in aggressive breast cancers and associated metastasis. 5, 6 We have previously reported that overexpression of DDX3 in immortalized non-turmorigenic MCF10A cells promoted neoplastic transformation as indicated by down regulation of a cell adhesion molecule, E-cadherin. 5 Down-regulation of E-cadherin is a common feature of a variety of metastatic epithelial tumors, including those of the lung, breast and prostate cancer. 5, [7] [8] [9] Hypoxic regions of solid tumors were considered to be the primary sites for the generation of the metastatic phenotype and have been demonstrated to be chemo and radio-resistant. [10] [11] [12] [13] [14] We have also reported that hypoxia inducible factor (HIF-1) induce the expression of DDX3 in two different breast cell lines by binding directly or indirectly to the hypoxia-response element (HRE) in the DDX3 proximal promoter. 15 On the other hand, a significant down regulation of DDX3 expression is found in hepatocellular carcinoma (HCCs) from the hepatitis B virus (HBV) positive patients, but not from HCV positive in comparison to the corresponding non tumor tissues. 16 In the hepatocellular carcinoma model, DDX3 was found to act as a tumor suppressor by activating the expression of cyclin dependent kinase inhibitor p21 cip1 . 17 Besides cancer, induced expression of DDX3 was also found in HIV-1 infected cells. 18, 19 Overall, it suggests that DDX3 is a multifunctional protein and it plays a specific role in regulatory mechanisms and signaling pathways. Apart from embryonic development, this gene is also involved in multiple diseases like HIV, Neuro-degenerative diseases, hepatocellular carcinoma and brain and breast cancer. Several Synthetic compounds have been discovered to inhibit the function of DDX3 by blocking the function of helicase activity. [20] [21] [22] [23] [24] Synthetic drugs are those substances that are produced entirely from chemical reactions in a laboratory. Synthetic drugs most often have shown to suppress the immune system by paralyzing the bone marrow. 25, 26 Moreover, it takes an average of about 8 to 12 years from the time a cancer drug enters into clinical trials from the research lab. 27, 28 Therefore, we focused to identify FDA approved drugs against DDX3. In our continuing efforts, we have found that Rosuvastatin (RST) and Ketorolac (KT) salt form strong hydrogen bond
Preparation of RST and KT nanoemulsions
The nanoemulsions were prepared by using high speed homogenizer followed by ultrasonication. Excess RST was added to the components of oil, surfactant and cosurfactant and then water was added drop wise with continuous stirring for 45 min at 12000 rpm. All formulations comprise of 20 mg of RST, 350 mg of Poloxamer 188 as surfactant and 350 mg of Labrafil M2130CS as cosurfactant. Similarly, 20 mg of KT was taken along with said surfactant and cosurfacatnt Table 1 . Briefly, the RST and KT nanoemulsions were prepared using IKA-Ultra-Turrax T25 (IKA Labortechnik, Staufen, Germany) at 12000 rpm by adding required quantity of RST to oil and further surfactant and cosurfactant were added in the ratio of 1:1. Water was added to the mixture gradually during homogenization. The excess drug was removed by centrifugation. Furthermore, ultrasonication was performed at amplitude of 30% for 4 min (Pulse on 2 sec and Pulse off 3 sec). The undissolved drug was removed by filtration using 0.45 µm membrane. The concentration of drug in the filtrate was measured using HPLC using Binary LC-20AD pump and SPD-20A UV/VIS prominence detector (Shimadzu, Kyoto, Japan), chromatographic column C-18 (5 µm, 250 mm × 4.6 mm). For HPLC, Mixture of acetonitrile: water and methanol: water was used as the mobile phase for RST and KT in the ratio of 65:35 (v/v) respectively. The flow rate was 1 ml/min; RST and KT were detected at a wavelength of 243 nm and 320 nm. The nanoemulsions were stored in freezer at 10-15°C until used.
Determination of drug content
The prepared formulations were tested their drug content. Three samples (n = 3) each of 10 mg was collected from each formulation and diluted to suitable volume with respective mobile phases and kept vortex for 2 min to ensure complete dispersibility. Then the contents were clarified using 0.22 µm millipore membrane and injected into HPLC instrument.
Determination of viscosity
The viscosity of RST and KT formulations were determined using Brookfield viscometer (Brookfield DV-II Pro Viscometer) with spindle Ultra Low Adapter (ULA) at 25°C. The data acquisition was achieved with Rheocalc 32 software. The rate of shear (rpm of spindle) was gradually increased to attain higher torque (force required to rotate the spindle). The higher torque value (90-100%) represents the certain viscosity of the sample.
Solution state stability of formulations at various pH
RST and KT were prepared at a concentration of 1 mg/mL with acetonitrile, 10 mg of formulations of R-1, R-2, K-1 and K-2 was further diluted with acetonitrile. These were further diluted with various buffers of pH 1.2, 4, 6.8, 7 and 7.5, each to 10 mL and incubated for 1, 2 and 24 h at 37°C. The developed HPLC analytical method was used to determine the drug content in RST, KT and respective formulations.
In vitro release kinetics
In vitro release studies of RST and KT nanoemulsion formulations were performed using Franz diffusion cell. The donor and acceptor compartment interactions with crystallized form of DDX3 using in-silico molecular docking approach. Rosuvastatin is an inhibitor of HMG-CoA reductase, a major rate-limiting enzyme in cholesterol biosynthesis belongs to the family of statins. And it has been shown to induce the expression of the low-density lipoprotein (LDL) receptor which mediates the clearance of LDL cholesterol from plasma. Compared with other statins, Rosuvastatin is more efficient and shown to exhibit fewer side effects. 29 Ketorolac salt is a pyrrolizine carboxylic acid derivative and belongs to the family of non-steroidal anti-inflammatory drugs (NSAIDs), which are mainly used for the treatment of inflammation and pain after surgery. 30 Both RST and KT were encapsulated using pharmaceutical excepients such as propylene glycol monocaprylate (type II) NF, glycerol monolinoleate EP, Lauroyl macrogol-6 glycerides EP and poloxamer 188. Bioavailability of these nanoemulsions was tested in in-vivo animal models. Both the nanoemulsions displayed anti-cancer activity against K-562 leukemia cancer cell lines.
MATERIALS AND METHODS
Rosuvastatin calcium and Ketorolac Tromethamine was obtained as gift sample from Nosch labs Pvt. Ltd., India. Labrafil M2130CS (Lauroyl macrogol-6 glycerides EP), Capryol 90 (Propylene glycol monocaprylate (type II) NF), Maisine 35-1 (Glycerol monolinoleate EP) were obtained as gift sample from Gattefosse. Poloxamer 188 was obtained as gift sample from BASF Corporation North America. Acetonitrile and methanol HPLC grade were purchased from SD Fine Chemicals Mumbai. In house triple, distilled water was used throughout the study.
Molecular Docking and Molecular dynamic simulations
Molecular dynamic simulations were performed for the insights of complexes stability using Desmond 31 with OPLS (Optimized Potentials for Ligand Simulations) 2005. 32 Before starting simulations, human DEAD Box RNA Helicase (DDX3) 3, 33 was first prepared using protein preparation wizard in Maestro 9.3.5. Induced fit docking (IFD) 34 was performed to find the better orientation and conformation of the compounds (Rosuvastatin and Ketorolac) in binding pocket. Complexes were loaded into Desmond that works using Maestro interface. Protein was soaked with TIP4P water model in orthorhombic box. Counter ions were used appropriately for neutralizing the system. 5000 iterations were fixed for minimizing the energy of the complexes using steepest descent method until it reached 25 kcal/mol/Å gradient threshold and 1 kcal/mol/Å convergence threshold. Equilibration of systems was carried by default parameters. Equilibrated systems were simulated at constant temperature of 300 k and constant pressure of 1 atm. A 10 ns molecular dynamic simulation (MDS) was performed for the protein ligand complexes. Energy of the complexes was analyzed for both the complexes. RMSD (Root Mean Square Deviation) and RMSF (Root Mean Square fluctuation) of the complexes were calculated for the entire trajectory comparing with its initial frames. Intra and inter molecular hydrogen bonding network was analyzed for knowing the stability of compounds in a better way. capacity were 5 mL and 20 mL respectively. The acceptor compartment was filled with phosphate buffer pH 6.8 to simulate buccal and intestinal environments. Freshly activated dialysis membrane (MWCO 12,000-14,000 Da) was clamped in between the donor and acceptor chamber of Franz diffusion cell. 35 The study was conducted for a period of 2 h in which samples were withdrawn at 10, 20, 30, 45, 60, 90 and 120 min respectively. Every sample of 1 mL at each time interval from diffusion cell withdrawn is replaced with 1 mL of fresh phosphate buffer pH 6.8 to maintain sink condition. The collected sample was further diluted with selected mobile phase and analyzed using HPLC. The cumulative % drug release vs. time profiles of RST and KT were plotted.
Buccal membrane permeability studies
The barrier nature of the biological tissues can be determined using drug permeability studies under controlled variables like pH, temperature and osmolarity. [36] [37] [38] [39] In our present study, porcine was used as model for permeation of drug formulation across buccal membrane. The prepared formulations were further evaluated for permeation across the porcine buccal membrane using Franz diffusion cell. 37 The permeation study was performed using phosphate buffer pH 6.8 to simulate buccal environments. The quantity of samples of 1 mL was withdrawn at 10, 20, 30, 45, 60, 90 and 120 min and replaced with fresh phosphate buffer pH 6.8. The withdrawn samples were diluted with selected mobile phase and analyzed using HPLC. The cumulative % drug release vs. time profiles of RST and KT were plotted.
Determination of HLB Values
Hydrophile-lipophile balance (HLB) method was devised by Griffin to classify the surfactants. HLB represents a scale of surfactant hydrophilicity ranges from 0 to 20. Surfactants with a HLB value below 6 tend to provide stable water-in-oil emulsions and those with a HLB value above 8 tend to stabilize oil-in-water emulsions. Based on the different HLB values of various surfactants, the resulting HLB value of a blend of two surfactants A and B was determined by the following equation. 
Bioavailability and Pharmacokinetic analysis
The rats were selected as models to study the pattern of absorption of formulations into systemic circulation. Twelve healthy male rats weighing 200 -250 g were assigned randomly into three groups. The standard rat feed was purchased from National Institute of Nutrition, Hyderabad, India. Each group received one set of formulation. RST powder, 20 mg/kg body weight was dispersed in 25 % polyethylene glycol and 1 mL of R-1 and R-2 administered 1 mL to each of groups orally using dosing needle and similar procedure was conducted for KT, K-1 and K-2 after a washout period of 10 days in the rats. KT was administered at a dose of 10 mg/kg body weight. The animals were maintained as per the guidelines of the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), New Delhi India following approval by the Institutional Animal Ethics Committee (IAEC) of Balaji Institute of Pharmaceutical Sciences (Registration of Establishment: 1694/PO/a/13/ CPCSEA). The blood samples of approximately 0.3 mL were obtained from the tail vein at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 18, 24, 36, 48 and 72 h for RST, R-1 and R-2 and at 0.5, 1, 2, 3, 4, 6, 8 and 10 h for KT, K-1 and K-2 formulations under mild ether anesthesia. The collected blood was set to clot for a period of 45 min and centrifuged at 5000 rpm for 10 min and the serum was isolated. All samples were stored at -20 ˚C until analyzed using HPLC. The serum sample was further treated with sufficient acetonitrile to precipitate proteins. The formed precipitate was removed using centrifuge at 5000 rpm for 10 min and supernatant was collected. The supernatant was injected into the HPLC and analyzed as per the HPLC method mentioned above. Pharmacokinetic parameters were analyzed and T max and C max were determined directly from time (hr) vs. concentration (ng/mL) curves. The trapezoidal method was used to calculate AUC 0-t . AUC 0-∞ was determined by: AUC 0-∞ =AUC 0-t + C t /K e , where Ke was the apparent elimination rate constant obtained from the terminal slope of the logarithmic plasma concentration vs. time profile (linear regression) in which slope was multiplied with 2.303 and the biological half life (T 1/2 ) was determined by: T 1/2 = 0.693/K e .
In vitro cytotoxicity studies
The cytotoxic activity of RST and KT nanoformulations were evaluated at various concentrations in K-562 cell lines. In Brief, K-562 cells were cultured at a density of 1 × 10 3 cells per well in flat-bottomed 96-well plates. After 72 h of treatment with RST, R-1, R-2, KT, KT-1 and KT-2 at 0.001, 0.01, 0.1, 1, 5, 10 and 20 μM, MTS solution was added to each well, cells were incubated for an additional 2 h and the cell viability was determined by measuring the absorbance at 490 nm using an ELISA reader.
RESULTS

Identification and characterization of active site aminoacid constraints for DDX3
To identify the active site amino acid constraints, we have retrieved three dimensional structure of DDX3 receptor complexes with AMP (PDB id: 2I4I) from the PDB repository (http://www.rcsb.org). As a first step, hydrogen atoms were added to remove constraints in the crystal structure. To identify the interacting amino acid residues with AMP ligand, a grid was generated with dimensions 27.00Å x 22.00Å x 26.00Å using the molecular cavity detection algorithm. This grid indicates 8 critical hydrogen bond interactions between AMP ligand and Tyr 200, Gln 207, Gly 229, Gly 227, and Thr 231 amino acid residues of DDX3. In the AMP, the pyrimidine portion of adenine and sugar portion of nucleoside interacted with arginine 202, glutamine 207 and the side chain of Tyr 200 respectively, with an average VdW radius of 1.52 Å in the Q Motif. In addition to nucleoside, the phosphate group interacted with Thr 231, Gly 229 and Gly 227 in the P-loop region of the motif I Figure 1A and B. Figure 2B . But only important interactions were retained after MDS and the amino acids involved in the network are Gly 227, Gly 229, and Glu 562. Hydrogen bonds were so stable that they have retained in almost 90% on an average of all MDS frames. Energy of both the complexes was analyzed and observed that the Rosuvastatin complex was as stable as Ketorolac complex. Up to 30 ns there was a slight change in the energies of both the complexes but after 30 ns almost similar type of stability in terms of energy was shown. Energy of both the complexes was between -150 to -50 kcal/mol Figure 3A . RMSD generally gives information regarding the average change in the displacement of atoms in the particular frame with respect to the reference frame. Here the RMSD of both the complexes were compared showing that Rosuvastatin complex has less deviation when compared with the Ketorolac complex during the total simulation Figure 3C . Rosuvastatin complex has exhibited RMSD between 2 to 4 Å and Ketorolac complex has shown 2 to 7 Å. RMSF is useful for characterizing local changes along the protein chain Figure 3D indicates that there was much difference in fluctuations between the two complexes. Ketorolac complex has less number of fluctuations and these are between 1 to 4 Å and Rosuvastatin complex has fluctuations up to 7 Å between 400 to 500 residues. Binding pocket does not exist between these amino acids of 400 to 500, so these fluctuations may not have much effect on the stability of the molecule in the binding pocket. Even though the fluctuations may not have any effect on the stability of the complex, there is a need to test our hypothesis. So, hydrogen bond network of both the complexes were observed. Intra molecular hydrogen bond network of both the complexes was almost similar. Number of bonds was in between 300 to 350 Figure 3B . As mention above, the hydrogen bond network maintained by Ketorolac and Rosuvastatin was quite stable and important, because amino acids involved in this network was directly involved in the binding. All the above metrics indicated it was found that Rosuvastatin complex was slightly superior to that of the Ketorolac complex.
Preparation of characterization of RST and KT nanoemulsions
Initially we measured the specific retention time (RT) for both RST and KT using HPLC analysis. Both drugs displayed different retention time. RST showed RT at 1.65 ± 0.3 min and KT showed RT at 2.1 ± 0.3 min respectively. Following determination of RT values, both the samples were serially diluted from 0.1 micrograms to 15 micrograms and the absorbance values were recorded and they were transported into Excel sheet for the preparation of calibration curve. The linear regression equation for RST and KT were Area = 55.45 × Concentration (ng/mL) + 18226, (r2 = 0.999) and Area = 85.58 × Concentration (ng/mL) + 20756, (r2 = 0.999) found to be linear in the concentration range of 100-10000 ng/mL with percent relative standard deviation was found to be < 2%. The overlay chromatogram of RST and KT were shown in Figure 4A and Figure 4B . Following determination of the RT values, we prepared two different combinations of RST (R-1 and R-2) and KT (K-1 and K-2) nanoemulsions using two different oils such as Capryol 90 and Maisine 35-1. The HLB of blend was calculated using the surfactant and co-surfactant fraction from total formulation with their actual HLB values and was found to be 13.38. The value greater than 13 indicates that the blend acts as oil-in-water emulsifier and able to form clear solution in water. The preparations were produced mostly clear solution upon Table 2 .
The rheological parameters such as Torque (%), Shear stress, Shear rate and Mean Viscosity of RST and KT nanoformulations at 25 ˚C was recorded and shown in Table 3 .
Solution state stability of formulations at various pH
To study the solution state stability of RST and KT, The R-1, R-2 and K-1, K-2 formulations was exposed to various physiological pH 1.2 (pH of the stomach), pH 4, 6.8 (pH of instestine), 7 and 7.5 conditions for a period of 1, 2 and 24 hrs. As shown in Figure 5 , under acidic pHs (≤ 4) the amount of RST was found to be 92 % and 69 % at 2 and 24 hrs respectively. At higher pHs (4-8) no significant change was observed even at 24 hrs. Unlike RST, the R-1 formulation under acidic pHs (≤ 4) had undergone 30 % and 27 % degradation at 24hrs. Whereas, gradual degradation (85 to 50%) of R-1 was found at higher pHs (4-8) at 24 hrs. Furthermore, R-2 was showed similar characteristics to R-1 in which the maximum drug found at 24 h is 74 % at pH 6.8. Taken together, it is clear that the R-1 and R-2 formulations retain stability at pH 6.8. Error bars were showed as the coefficient of variation in analysis was exceeded 3 %. Similarly, the stability study was performed on KT, K-1 and K-2. KT was found to be quite stable at pH 7 and retains drug content 94 % at 2 h and 24 h respectively. As shown in Figure the amount of KT was found to be less than 50 % within 2 hr at pH 4 but not at pH 1.2. On the other hand, at higher pHs (4-8) it maintained above 70 %. Similar profile was observed for K-1, which was stable at pH 7 and pH 7.5 with maximum drug retention 87 % till 24 h. In contrast to K-1, K2 formulation showed great stability between pH 1.2 and pH 6.8. At pH 1.2 and 6.8, K-2 showed maximum drug concentration 75% and 88 % and degraded at pH 7.0 and pH 7.5 till 24 hrs. Overall, it suggests that K-1 nanoemulsion was stable towards basic pH while K-2 was stable towards acidic pH. 
Bioavailability of RST and KT nanoformulations
As a first step, we assessed the In-vitro drug release by evaluating the permeability of drugs through porcine buccal membrane. The release of RST alone was found to be 18 % which was quite lower when compared to R-1 (46 %) and R-2 (43 %) nanoformulations respectively Figure 6A . Similarly release of KT through porcine buccal membrane was found to be 1 % due to its hydrophilic property as compared to K-1 (23 %) and K-2 (21 %) respectively Figure 6B . To measure the bioavailability of RST and KT, their nanoformulations were orally administered into rats. The serum samples from each formulation were subjected to HPLC analysis for bioavailability and pharmacokinetic analysis. As shown in Table 4 R-1 and R-2 exhibited the superior absorption, with higher Cmax (2537.25 µg/mL and 2744.25 µg/mL) and AUC values (108045.3 h µg/mL and 104568.62 h µg/mL), respectively than that of RST alone. The bioavailability of R-1 and R-2 was 2.5 times greater than RST. KT, K-1 and K-2 were showed slightly different bioavailability profiles and as there was no larger difference in absorption pattern Figure 6C and 6D.
Anti-cancer activity of RST and KT nanoformulations against DDX3
To determine whether RST and KT -loaded nanoformulations could efficiently kill cancer cells, we carried out an MTS assay following incubation of a human leukemia cancer cell line, K-562 with R1, R2 and K1, K2 nanoformulations. As shown in Figure 7A and B, both RST and KT nanoformulations effectively killed K-562 cells in a dosedependent manner, while equivalent doses of blank nanoformulations had no killing effect. The IC 50 value of RST found to be 30 μg/ml and R1 and R2 nanoformulations displayed 18μg/ml. The IC 50 value of KT and their formulations was found to be 17 μg/ml. Unlike RST, KT nanoformulations did not show the difference between drug and their formulations. At IC 50 concentration, cells were lysed, proteins were extracted, and scored for the expression of DDX3 by immunoblot analysis. As shown in Figure 7C and D the expression of DDX3 is downregulated in dose dependent manner.
DISCUSSION
Drug discovery and development is a complex. The development of a new drug requires a major investment of capital, human resources and technological expertise. The cost of inventing and developing a single drug, to get into to market can expect $350 million. 40 Inspite, 95% of the experimental medicines that are studied in humans fail to be both effective and safe and will not be available for sale due to their side effects. 41 To overcome these issues, we prepared a FDA approved drug database and performed high Throughput Virtual screening approach against DDX3. Interestingly, we found that Rosuvastatin calcium salt pass the docking process and form a strong hydrogen bond interaction with DDX3 protein as similar to previously discovered DDX3 inhibitor Ketorolac salt. Rosuvastatin calcium (RST), a chemically bis
-enoicacid] calcium salt belongs to the class of 3-hydroxy-3-methylglutaryl-coenzyne A (HMG CoA) reductase inhibitors, in the liver results in lowering blood cholesterol and is used for treatment of hyperlipidemia. [42] [43] [44] RST belongs to the class III compound as per the biopharmaceutical classification system (BCS), which is having low permeability and high solubility. 45 Apart from said activities of RST, presently statins have been evaluating for anticancer properties. Self-Nanoemulsifying Drug Delivery System of RST has shown antitumor action in Caco-2 cells 46 , Cytotoxic effects on HepG2 cells 47 , inhibits arginase enzyme which is responsible for breast cancer 48 , decreased risk of cancer-related mortality, with a reduction of up to 15%. 49 The multiple activities of RST and KT have given us new scope for evaluating various cytotoxic effects on various cell lines. Ketorolac Tromethamine (KT) [(+/-)-5(benzoyl)-2,3-dihydro-1N-pyrrolizine-1-carboxylic acid tris hydroxymethylaminomethane salt] is a highly potent drug having analgesic and anti-inflammatory activity, and being used for acute pain, post-operative analgesia. 50, 51 KT has pKa of 3.5 and having partition coefficient (n-octanol/water) of 0.26. KT is completely absorbed after oral administration. The half-life of S-and R-enantiomer is 2.5 ± 0.4 h and 5 ± 1.7 h respectively and the half-life for the racemic KT is within the range of 5 to 6h (http://www.rxlist.com/toradol-drug. htm). Presently, various marketed preparations available such as Acular LS, Acuvail, Acular, Omidria to treat various inflammatory conditions. Recently our group was found that KT is acting against oral cancer cell lines 30 , KT was evaluated for chemoprevention of oropharyngeal leukoplakia and later the study was concluded that permeation of KT is required to be improved in delivering drug from keratinized layer to the basement membrane of oral mucosa due to its polar nature. 52 Hydrophobic compounds like RST and KT are not easy to handle in order to maximize clinical utility. One strategy to improve the bioavailability of the drugs is to make nanoemulsions. Nanoemulsions are oil-in water dispersions, the better choice to improve dissolution and bioavailability. 46, 47 Several lipid based formulations such as saquinavir (Fortovase®, Roche Pharmaceuticals, NJ, USA), ritonavir (Norvir®, Abbott Laboratories, IL, USA), cyclosporin (Neoral®, Novartis Pharmaceutical Ltd., Surrey, UK) were approved by regulatory agencies and given impetus for development of lipid based formulations for the improved oral delivery of poorly water soluble drugs. Nanoemulsion drug delivery have been reported to improve the bioavailability of hydrophobic drugs very effectively 53, 54 , increased in vivo performance of anticancer drugs, e.g., dacarbazine 55 and camptothecin. 56 In our present study, we have formulated RST and KT nanoemulsions as a carrier for new DDX3 helicase inhibitor. Stability of nanoemulsions at various pH were performed for the optimized formulation, permeation across porcine -buccal membrane, further evaluated the significance of nanoemulsions of RST and KT in anticancer activity in K-562 cell lines. The buccal absorption of R-1, R-2, K-1 and K-2 were found to be higher when compared to respective active pharmaceutical ingredients. Short term pH stability study indicated that the formulations are suitable for oral administration. The oral absorption of RST was only 20 % limited by the dissolution rate and decrease of the particles size plays an essential role in improving the bioavailability of these drugs. KT has received itself good bioavailability, K-1 and K-2 was showed similar pattern as like KT. R-2 was showed absolute cytotoxic effect at 80 µg/mL in K-562 cell lines with no further development of resistant cells which was found to be high when compared to RST and R-1. Similarly, K-2 was showed cytoxicity in K-562 cell lines than KT. From the above data, we hope that R-2 showed better bioavailability pattern and this nanoemulsion displayed a good anti-cancer activity against K-562 leukemia cells. Taken together, we conclude that RST and KT formed a hydrogen bond interaction with RNA helicase, DDX3 and their nanoemulsions showed anti-cancer activity against K-562 leukemia cells by inhibiting the expression of DDX3. These nanoemulsions also displayed good oral bioavailability at pH 6.8.
CONCLUSION
Rosuvastatin and Ketorolac Nanoformulations downregulate the expression of DDX3 and that this nanoformulations can be used as an ideal drug candidate to treat DDX3 associated disorders.
